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(57) Abstract 

The present invention relates to apparatus for minimising the variation in characteristics across different parts of an inte- 
grated circuit component (10) caused by manufacturing process variations between a plurality of inverting amplifiers (32) in said 
component (10). The apparatus comprises at least one transistor (34) connected in series with a power supply terminal (36) on 
each of the inverting amplifiers (32) so as to provide a new voltage supply reference level for each inverting amplifier (32). By this 
means the switching threshold of the inverting amplifier (32) is controllable by a voltage (Vx) applied to a control input connec- 
tion of said transistor (34). Preferably the transistor is a field-effect transistor (34) and the control input connection is to the gate 
of said transistor (34). 
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APPARATUS FOR COMPENSATING 
MANUFACTURING PROCESS VARIATION 

The present invention relates to apparatus for minimising 
the variation in characteristics of integrated circuit 
components caused by manufacturing process variations in 
integrated circuit technology especially MOS technology. 
5 In particular, the apparatus may be implemented in a 
circuit for normalising the switching threshold 
characteristic of an MOS inverter. Applicants co-pending 
PCT application No, PCT/GB90/01452 Publication No. 
WO91/04633, the contents of which are incorporated herein 

10 by reference thereto, describes an IC charge sensing 
circuit in which small quantities of charge which have 
been integrated at pixel locations are initially detected 
at charge-sense amplifiers at the top of each column. 
Under some process conditions a slight deterioration in 

15 image quality has been noticed. For example, on a TV 
screen there is more visible vertical striping. This is 
believed to be due to process variation affecting mismatch 
in the column amplifiers. 

To achieve a uniform image representation it is therefore 
20 necessary to minimise or cancel effects of manufacturing 
process variation across different parts of the IC 
circuit, and in particular between the charge sense 
amplifiers at the top of each column to ensure that these 
are well matched with each other, in relation to their 
25 operating characteristics. The mismatched amplifiers 
cause the non-uniform vertical striping effect on the 
detected image. A typical cause of mismatch in such 
amplifiers is variation in the switching threshold which 
is caused by threshold or gain variations in its component 
30 devices, for example, the inverter used in each of the 
charge sense amplifiers. 
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Accordingly , it is an object of the present invention to 
minimise the manufacturing process variation in 
component devices and to ensure that the amplifiers 
based on these component devices are as well matched as 
5 possible in order to achieve uniform image 

representation in applications using solid state image 
sensors* 

It is also an object of the present invention to obviate 
or mitigate at least one of the disadvantages associated 
10 with the existing arrangement. 

In one aspect the invention is achieved by providing a 
circuit which automatically adjusts the switching 
threshold of the inverters within each amplifier to be 
close or equal to an externally given voltage so that 
15 the amplifier settles at a predetermined operating point. 

This is implemented by having at least one transistor in 
series with at least one power rail connection to the 
inverting amplifier. The transistor is preferably a 
field-effect transistor, 

20 In a preferred arrangement three field-effect 

transistors are used to achieve automatic adjustment of 
the inverting amplifier switching threshold to approach 
an external reference voltage. In this arrangement a 
second transistor couples the output of the inverting 

25 amplifier to control the voltage applied to the gate of 
the first transistor so that the circuit settles to a 
stable value of voltage such that the switching 
threshold is achieved at an inverting amplifier external 
input voltage which is the desired operating point. 


30 


According to one aspect of the present invention there 
is provided apparatus for minimising the variation in 


- 3 - 


characteristics of integrated circuit components caused 
by manufacturing process variations, said apparatus 
comprising at least one transistor connected in series 
with a power supply terminal of an inverting amplifier, 
5 the transistor provides a new voltage supply reference 
level for the inverting amplifier whereby the switching 
threshold of the inverting amplifier is controlled by a 
voltage applied to a control input of said transistor. 

In another aspect the present invention provides 
10 apparatus for minimising the variation in 

characteristics across different parts of an integrated 
circuit component caused by manufacturing process 
variations between a plurality of inverting amplifiers 
in said component, which apparatus comprises at least 
15 one transistor connected in series with a power supply 
terminal on each of said inverting amplifiers so as to 
provide a new voltage supply reference level for each 
inverting amplifier whereby the switching threshold of 
the inverting amplifier is controllable by a voltage 
20 (Vx) applied to a control input connection of said 
transistor. 

Preferably the transistor is a field-effect transistor 
and the control input connection, is the gate of said 
transistor. Alternatively the transistor is a bipolar 
25 transistor axrd the control input connection is the base 
of the transistor. 

Preferably the output of the inverting amplifier is 
coupled to the gate of the field-effect transistor via a 
second field-effect transistor to provide negative 
30 feedback such that the circuit settles to operate at a 
stable value of gate input voltage for said at least one 
inverting amplifier. 
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Preferably also the value of gate input voltage is 
selected such that the switching threshold of the 
inverting amplifier is achieved at an externally imposed 
input voltage to said inverting amplifier to provide the 
5 desired operating point for said inverting amplifier. 

Advantageously, a gate voltage storage means is coupled 
to the gate of said at least one transistor such that 
once the desired operating condition has been reached 
said second field-effect transistor may be turned-off 
10 whereby the correctly adjusted gate input voltage is 
retained by said voltage storage means whereby the 
inverting amplifier exhibits a switching threshold 
approximately equal to said externally imposed voltage. 

Conveniently the apparatus for compensating for 
15 variation in characteristics of integrated circuit 

components caused by manufacturing process variations is 
implemented in a circuit applied to each amplifier in a 
group of inverting amplifiers to equalise the threshold 
switching characteristics of each of the inverting 
20 amplifiers in the group. This is conveniently done 

using automatic compensation with a feedback circuit of 
, each column amplifier in a solid state image sensor of 
the type disclosed in co-pending International Patent 
Application No. PCT/GB90/01452 Publication No. 
25 WO91/04633 for minimising mismatch effects in MOS image 
sensors. 

The manufacturing process variation compensation 
circuitry may be applied to inverting amplifiers 
produced by various different manufacturing technologies 
3 0 such as NMOS, CMOS, Bipolar, BiMOS, BiCMOS or GaAs 
construction. 


rtwoijyz/uw3x 


According to another aspect of the present invention 
there is provided a method of minimising variations in 
operating characteristics across different parts of an 
integrated circuit component caused by manufacturing 
5 process variations between a plurality of inverting 
amplifiers in said component comprising the steps of: 
providing each inverting amplifier with an additional 
transistor for normalising the switching threshold 
characteristic of the inverting amplifier in each of 

10 said inverting amplifiers , coupling the transistor in 
series with at least one power rail connection of the 
inverting amplifier, and applying a voltage to a control 
input connection of said transistor to control the 
switching threshold of said inverting amplifier. 

15 Preferably the transistor is a field-effect transistor 
and the control input connection is the gate of the 
transistor. 

Preferably the method includes the steps of 
automatically adjusting the inverting amplifier 

20 switching threshold to approach a given external 

reference voltage applied to the inverting amplifier 
input by feeding the output of the inverting amplifier 
back to the gate voltage of said field-effect transistor 
to provide negative feedback and selecting suitable 

25 design values for the circuit so that said gate voltage 
settles to a ^stable voltage value such that the gate 
voltage is adjusted to lie within a desired range of the 
inverting amplifier transfer characteristic whereby the 
switching threshold is achieved at the inverting 

30 amplifier input voltage, which is the desired operating 
point. 


Furthermore, the method includes the step of coupling a 
voltage storage element in the form of a capacitor in 
said feedback circuit between the gate and a second 
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voltage reference level or ground to retain the gate 
voltage in said capacitor in the event that the feedback 
loop is broken. Conveniently, the feedback loop 
includes a second field-effect transistor which is 
5 coupled in series between the output connection of the 
inverting amplifier in the feedback loop and the gate of 
the first field-effect transistor. 


These and other aspects of the present invention will 
become apparent from the following description when 
10 taken in combination with the accompanying drawings in 
which:- 

* 

Fig. 1 depicts the architecture of an array image sensor 
incorporating a plurality of channel sense amplifiers 
which require to be matched to achieve uniform image 
15 representation; 

Fig. 2 is a circuit diagram of an embodiment of the 
present invention; 

Fig. 3 depicts the transfer characteristic of the 
inverting amplifier shown in Fig. 1 for varying values 
20 of drain voltage; 

Fig. 4 depicts an alternative embodiment of the present 
invention which includes negative feedback to achieve 
automatic adjustment of the inverting amplifier 
switching threshold to meet that of an externally 
25 imposed voltage; and 

Fig. 5 depicts a further embodiment of a process 
variation compensation circuit for use with an inverting 
amplifier implemented in CMOS technology. 

Reference is first made to Fig. 1 of the drawings which 
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depicts an array image sensor generally indicated by 
reference 10 which consists of an array of pixels 12 
laid out in generally rectangular format in rows and 
columns. Each pixel 12 in a row is connected to a 
common horizontal line called a word-line 14 and each 
word line is connected to digital circuitry 16 which is 
used to generate and drive the necessary pattern of word 
line signals. This circuitry 16 generally takes the 
form of a shift register. Each vertical column of 
pixels is connected to a common conductor known as a 
bit-line 18 which is connected to a respective analogue 
switch sense amplifier circuit 20. 

* 

The amplifier 20 has two inputs 19,21 and one output 
22. The input 21 coupled to a common digital circuit 24 
which produces enabling signals that control the 
analogue or sense amplifier circuits 20 to enable the 
signals on consecutive bit-lines to be connected to the 
output of the array image sensor 10. Conveniently the 
digital circuitry 24 is realised by a shift register. 
The output of each amplifier 20 is connected to a common 
conductor 26 which functions as a common read out line 
and which is connected to a sense amplifier 28. The 
amplifier 28 has an output 30 from which the output of 
the integrated circuit is taken. 

Reference is *now made to Fig. 2 of the drawings which 
depicts a circuit for automatically adjusting the 
switching threshold of an inverting amplifier 32 to be 
close or equal to an externally given voltage. The 
circuit shown in Fig. 1 is for the case of an arbitrary 
inverting amplifier. At least one field-effect 
transistor 34 is connected in series with at least one 
power rail (ground) connection 36 of the inverting 
amplifier 32. The field-effect transistor 34 is an 
n-channel MOS transistor Ml connected in series with the 


ground power connection VSS of the inverting amplifier. 

The drain voltage V y of transistor 34 effectively 
becomes the new ground reference for the inverting 
amplifier 32. Accordingly, it will be appreciated that 
5 the transfer characteristic of the inverting amplifier 
is dependent on the Vy and generally the switching 
threshold of the inverting amplifier varies in a 
proportional relationship to V y as best seen in Fig. 3. 
It will be understood that Vy is determined by the 

10 inverting amplifier supply current and also the channel 
resistance of field-effect transistor 34. The channel 
resistance of the field-effect transistor 34 is, in 
turn, determined by the gate voltage, designated as V x . 
Therefore, it will be understood that the switching 

15 threshold of the inverting amplifier 32 is controlled 
and adjusted by varying the gate voltage V x on the 
transistor 34. 

Reference is now made to Fig. 4 of the drawings which 
depicts an alternative embodiment of a manufacturing 

20 process variation compensation circuit used with an 

inverting amplifier 32 to provide automatic adjustment 
of the inverting amplifier switching threshold to 
' approach a given external reference voltage designated 
as Vfc. The external reference voltage Vfc is applied to 

25 the inverting amplifier input 38 as shown in Fig. 3b via 
a field-effect transistor generally indicated by 
reference numeral 40. A third field-effect transistor 
42 is connected in the feedback path between the output 
of the inverting amplifier 44 and the gate 46 of 

30 transistor 34. This is a configuration of negative 
feedback and for suitable design values the process 
variation compensation circuit settles to a stable value 
of V x . It is possible to further select design values 
such that the value of V x normally lies within the high 
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gain portion of the inverting amplifier transfer 
characteristic as shown in Fig. 3. This is the desired 
operating point of the amplifier* Once the desired 
operating point has been reached the transistor 42 can 
5 be turned off thereby breaking the feedback loop. 
However, a capacitor 48 coupled between the gate of 
transistor 46 and ground stores the correctly adjusted 
value of V x on the capacitor 48* In this case the 
inverting amplifier may now be used in its normal 
10 capacity and exhibits a switching threshold which is 
approximately equal to the external reference voltage 
input Vjj* 

In practice, it will be appreciated that second-order 
effects such as non-infinite inverting amplifier gain 
15 limit the accuracy of the adjusting switching threshold, 
but in a practical application using a CMOS inverting 
amplifier this circuit is found to compensate by about a 
factor of 30 for switching threshold offsets amongst a 
group of inverting amplifiers. 

20 Reference is now made to Fig. 5 of the drawings in which 
the inverting amplifier 44 is implemented by a CMOS 
inverting amplifier, generally indicated by reference 
numeral 52, otherwise the circuit components are 
identical to those shown in Fig. 4. 

25 It will be appreciated that various modifications may be 
made to the circuits hereinbefore described without 
departing from the scope of the invention. For example, 
the circuit may also be implemented by connecting a 
field-effect transistor or the like in series with the 

30 positive supply rail or by a combination of transistors 
connected in series with both supply rails. Bipolar 
transistors may be used with the control input being 
applied to the base of the transistor. It will be 
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appreciated that the circuitry hereinbefore described 
may be implemented in a range of different technologies 
such as NMOS, CMOS, Bipolar, BiHOS, BiCMOS or GaAs 
construction . 


5 It will be appreciated that the principal advantage of 
this invention is that variations in characteristics of 
i.e. amplifiers because of manufacturing process 
variations resulting in amplifier mismatch is 
compensated automatically so that the inverting 

10 amplifier switching threshold is set to a given external 
reference voltage. This results in minimising the 
switching threshold offsets by about a factor of 30 
amongst a group of inverting amplifiers such as in a row 
of channel sense amplifiers shown in fig. 1, greatly 

15 improving uniform image representation in applications 
using solid state MOS image sensors. 


CLAIMS 


1. Apparatus for minimising the variation in 
characteristics across different parts of an integrated 
circuit component (10) caused by manufacturing process 
variations between a plurality of inverting amplifiers 
(32) in said component (10) , which apparatus comprises 
at least one transistor (34) connected in series with a 
power supply terminal (36) on each of said inverting 
amplifiers (32) so as to provide a new voltage supply 
reference level for each inverting amplifier (32) 
whereby the switching threshold of the inverting 
amplifier (32) is controllable by a voltage (Vx) applied 
to a control input connection of said transistor (34) . 

2. Apparatus according to claim l wherein the 
transistor is a field-effect transistor (34) and the 
control input connection is to the gate of said 
transistor (34). 

3. Apparatus according to claim 1 wherein the 
transistor is a bipolar transistor and the control input 
connection is to the base of the transistor. 

4. Apparatus according to claim 2 wherein the output of 
the inverting amplifier (44) is coupled to the gate of 
the field-effect transistor (46) via a second 
field-effect transistor (42) to provide negative 
feedback such that the circuit settles to operate at a 
stable value of gate input voltage for said inverting 
amplifier (44). 

5. Apparatus according to claim 4 which is formed and 
arranged so as to apply a gate input voltage having a 
value selected such that the switching threshold of the 
inverting amplifier (44) is achieved at an externally 
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imposed input voltage to said inverting amplifier (44) 
to provide a desired operating point for said inverting 
amplifier (44). 

6. Apparatus according to claim 2, claim 4 or claim 5, 
5 wherein is provided a gate voltage storage means (48) 

coupled to the gate of said at least one transistor (46) 
such that once the desired operating point has been 
reached said second field-effect transistor (42) may be 
turned-off whereby the correctly adjusted gate input 
10 voltage (Vx) is retained by said voltage storage means 
(48) whereby the inverting amplifier (44) exhibits a 
switching threshold approximately equal to said 
externally imposed voltage, 

7. An integrated circuit component (10) comprising a 
15 plurality of inverting amplifiers (32) wherein at least 

some of said inverting amplifiers (32) are provided with 
compensating apparatus (34) according to any one of the 
preceding claims, so as to equalise the switching 
threshold of the inverting amplifiers (32) in the group 
20 consisting of said at least some inverting amplifiers 
(32). 

' 8. A integrated circuit component (10) according to 
claim 7 which component (10) comprises a solid state 
image sensor „(2). 

25 9. A method of minimising variations in operating 

characteristics across different parts of an integrated 
circuit component caused by manufacturing process 
variations between a plurality of inverting amplifiers 
in said component comprising the steps of: 

30 providing each inverting amplifier (32) with an 

additional transistor (34) for normalising the switching 
threshold characteristic of the inverting amplifier (32) 
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in each of said inverting amplifiers (32) , coupling the 
transistor (34) in series with at least one power rail 
connection of the inverting amplifier (32) , and applying 
a voltage to a control input connection of said 
5 transistor (34) to control the switching threshold of 
said inverting amplifier. 

10. A method according to claim 9 wherein the 
transistor is a field-effect transistor (34) and the 
control input connection is the gate (33) of said 

10 transistor (34). 

11. A method according to any one of claims 8 to 10, 
which method includes the steps of automatically 
adjusting the inverting amplifier switching threshold to 
approach a given external reference voltage applied to 

15 the inverting amplifier (32) input by feeding the output 
of the inverting amplifier (32) back to the gate voltage 
of said field-effect transistor (34) to provide negative 
feedback and selecting suitable design values for the 
circuit so that said gate voltage settles to a stable 

20 voltage value such that the gate voltage is adjusted to 
lie within a desired range of the inverting amplifier 
transfer characteristic whereby the switching threshold 
, is achieved at the inverting amplifier input voltage, 
which is the desired operating point. 
* 

25 12. A method according to claim 11 which method 

includes the step of coupling a voltage storage element 
in the form of a capacitor (48) in said feedback circuit 
between the gate (33) and a second voltage reference 
level or ground to retain the gate voltae (Vx) in said 

30 capacitor (48) in the event that the feedback loop is 
broken. 
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13. A method according to claim 12 wherein is included 
in the feedback loop a second field-effect transistor 
(42) which is coupled in series between the output 
connection (44) of the inverting amplifier (38) in the 
5 feedback loop and the gate of the first field-effect 
transistor (46) . 
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